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Description 

BACKGROUND OF THE INVENTION 
5 1. FIELD OF THE INVENTION 
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testis?? TJ*™ 8nalytiCa ' meth0dS and test means for detec «"9 the presence of bacteria in a 
2. DESCRIPTION OF THE PRIOR ART 

such scurces as in body fluids. a.g., blooT onJST 0 " ^ an " Ben ^ 

wcZ^T^VZ^V^ °" de,eC,fon ° f me,ab0,ic P roducte * bacteria such as nitrites 

Therefore, there is a continuing, lona-felt need for a rani* „ ^ 

50 Of 2^** ** <1964)1 deSCribed 3 method *» *"«■*• Action 
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The birth of this nucleic acid hybridization technique was 
appiSons to spedfic anaiytica situation, ^^Jgff^^ t?£SS?2SS of 
single-stranded sample DNA onto nrtroce lulose filters and then «*JJW£ m { wjth 

radio-labeled RNA to allow hybridizatior , to occur. Excess ^J^JJJJSrtoid by Denhardt 
RN ase and washing. ^^^Vm Sing^dS Zle DNA -bound to 
[Biochem. B.ophys. ^J^^£S^JSS*> minimize nonspecific binding of labeled probe 
nitrocellulose and treated with a prehybndtzation soiunonw 72:3961-3965- 
DNA during the hybridization reaction. Grunstern and Hogness [P«« ^ ! ool colonies to 

(1975)] developed a solid phase L^l^nlic acids to solid 
determine which ones °^"^™J?^JSX^ The techniques developed 
supports has also been improved to include RNA and snon u.™ y 

haS included using paper fi^BiZysActa 553:344- 

ISSS^^ — 6 im — proc - Nart 

^SSLn assays ^^SM 
genetic diseases a-thalassemia [Kan et al. S * USA 75:5631 (1978), 

inolude a test for enterotoxin-producing ^^JKLS *i* Pat. 2.019.408B. 
(,880). *» ^5:563(1982 JjnJU^ gJL « a/, Proc. A/af/. *cad. SC. 
Hepatitis virus in serum has also been aeteciea uy 

USA 7*5675(1982) and Beminger etaU Med. ^^82)] ^ ^ ^ 

>s Some studies have been undertaken of the genww f dif{ererrt bacteria [see 

30 subject of some study [flW* •* ^f^^JJ^TTH Filer et al [Eur. J. Biochem. >2*79-77- 

are present in some taxonomically unrelated genera 

35 SUMMARY OF THE INVENTION 

8 has no W been found M - ^ ^™ - J 

quantifying bacteria in ^^^^^CK IS- scrying test for determining if 
52 ZESS? a ^medium of interest, partidularly media which are norm,, 

from bacteria present in the sample. The resulting angle ^ on9 base seqU ence in 

manner with a DNA probe having a base sequence **!£22Et™ J££t in the test sample, 
.he RNA content of substantial, * 3^^ .^^ under conditions favorable to 

Contact between the probe ^^^^^^3%^ base sequences. Resulting hy- 

ring is srji- « «■ - - «* - • j-**- - 

It has most particularly been found that a most dg of a 
detecting bacteria is provided by the use of a ^ ^ ri sed Tn the mechanism of protein 
gene which codes for the synthes.s of a nucleic acid or ^ S "^ RNAs, ribosomal RNAs, 

U- import- to^t^ ^ 
Tff-SS!^ Has numerous advantages over the prtor art technique, 
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jocularly the classical culturing methods. In the present method it is not necessary to isolate or prooaoate 
the bactena to be detected, which in some cases can be a highly infectious agem. Furthe ml It it nS 

TZZ ° T Z«* T SS '° n ° f metab0 "' C Pr0ducte « surface iens in "der to make a 
determ.nat.on. In addrton, the present method does not require that test samples be handled in a manner 
necessary to guarantee viability of any bacteria present. The prior art methods in geneS vrill dtaM X 
.able cens ,n the sampte. Often, microbes die during transport of specimens to vTSS^TSSS 
Also a specimen can contain different types of microorganisms having a variety of growth Wte^s and 

ZllnT 6 " ^ ^ Wh ! n ^ *° Prf0r * m8th0dS ' the s ' eci ™ -ust be cEd ETZS 
drfferen cond.t.ons ,n order to ensure detection of any possible bacteria present. Such a serious imtetion 

Znoi " J2 T 11 '^ bV Pr6Sent m6th0d *- the ob i ect of « he ass ^ h Site nucleoid 
composition of the bacteria present in a sample. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The use of nucleic acid hybridization as an analytical tool is based fundamentally on the rfn,.h.» 
stranded, duplex structure of DNA. The hydrogen bonds between the puriT^T^ ^JX'e 
respective strands in double-stranded DNA can be reversibly broken. The two comS^erS^ sLSe 
strands of DNA resulting from this "melting" or "denaturation- of DNA wl.. assodl STEELS: 

1 ZEFf reformin9 the dup,exed M ™- * is *>* — 2 Z. SS ot 

cIlS! f" f n " C J 6,C acid ' either DNA or RNA - wni <* comprises a base sequence suSntly 
complementary to (i.e.. "homologous with") a second single stranded nucleic acid under \ZS 
solut.on condrt.ons. will result in the formation of DNA/DNA, RNA/DNA, or RNA/RNA hybnd* !K 

the L^frr ^ 4,16 Pr6 t ent inV8nti ° n ' 3 Sin9,e stranded DNA is setected « an analytical reagent on 
ttie bas,s that rt compnses a base sequence which is homologous, i.e., sufficiently complement^ wfth 
RNA found .n substantially all bacteria of interest. Thus, hybridization between this • DNA proS SrnA 

tS £2? ?r; ded J 0r ^ ,r0m ,he teSt Samp,e indicates *• presance of bacteria in r s l"e 
The bactena of Interest will vary from one analytical situation to another. Through experimentation or 
experience .n the field it will be known which bacterial species could be present in atZZZ^Z™ 
One then can select from a variety of methods to Isolate one or more probes coning homo ogous^a e 

srris t r ,eic aci f con r of such bacteria ^ Tn ° 2»35Krs 

not be a srngle continuous polynucleotide segment, but may be comprised of two or more individual 
segments interrupted by nonhomologous sequences. These nonhomologous sequences m^y be Zr o 
ml* f" ?T Pl f 8ntary ^ f ° rm hairpin ,00PS - ln addition ' » e homoTogous eS of tne^obe 

S5S SS^^'^-TT^ b/ nonhomolo 9° us ^ces. much as those comprisng e 
f^Lll a vector mto wh.ch the homologous sequence had been inserted for propagation. In either 

mST Sn!T T 3S , T" 38 a " ana,ytica ' rea9ent win exnibit d9te ^le hybridization at one a 
used S? Wl 'h sample nucleic acids of interest. Linear or circular single stranded polynucleotides can b" 

n ?eoL LT. T?" ^ ° r min ° r P0rti0ns bei "9 du P ,exed with a complement ^oly! 

V ' Pr ° Vided 1,181 the CritiCal homologous segment or segments aretosLte 

stranded form and available for hybridization with sample DNA or RNA. Particularly preferred Z torn 
or circular probes wherein the homologous probe sequence is in essentially only single SZ 
Homologous base sequences for the bacteria of interest are obtainable in several mZers A 

SS^TT meth0d f ° r ° btainin9 3 h ° m0,090US S9qUence ,nvo,ves of a g? e o igmem 

thereof wh en ,s known or experimentally determined to be conserved across substantially al 5S 
spec.es of .nterest. Such selected gene can be structural or regulatory, or perform wJKl£jETK 

method .s based not on expression but rather on the presence of hybridizable RNA 

^ Pf cular| y that broad spectrum bacterial detection capability is provided where the 

££SJ?'7 IZT?^ * * ° f 0ne of the straflds ' ^ the sense or a* 
sense strand of a gene wh.ch codes for the synthesis of a nucleic acid or protein comprised in the 

^Zld^r 01 ? 8 f 19 Ce,L Fundamenta »y- *"* rnechanism Lives the es of 
toansa.phon and translation. Transcnption will be understood to define the process by which the oenetic 
code m DNA .s converted to messenger RNA (mRNA). Translation will be understood to define ie process 
by jMd, the nucleotide sequence of mRNA is translated into the amino acid sequence of i [JZK 

Therefore, in a preferred embodiment the homologous base sequence is obtained from a gene which 
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codes for a nuc.e«c ac, or protein J £^pS^« 

transcription, such nucleic acids and protems ^^^^ mM ^, included are those nucleic 
factor), and protein termination factors ^ . ini8ation> el ongation. and 

acids and proteins involved ta .the J^SJS, the functionally distinct classes 
termination. Thus, such materials include^ (rRNA - comprising the various 
for each of the 20 fundamental amino acd butt* .blocks), nbosomal RNAs (. .P^ 

known fragments and subunrts such as *• »• f^and IF-3). elongation factors (including 
aminoacyl-tRNA synthetases, initiation M"fl«*d jgff , * Rm „ not included in 

EM. EF-2 EF-G, and EF-Tu), and releas.ng factors, tt should b ^ M vary t0 
the above^lescribed preferred *«»^ £j SST^ma as such is not part of the 

Z^^X'^^^ as - variab,e inf — input to - 

invention, one can also choose from genes !S P^ein synthesis, such as 

genes coding for such 2*5 Serial membrane proteins such as 

Sm^^^ - — — 

and the like. ith , d DNA wnic h codes for ribosomal RNA. 

jzes rrsr^rs^r^ - — - — 

including E co//. hi h degree 0 f sequence identity between 

Samples which do not contain significanl ' ^JSTS^ sequence nearly identical to those of 
16S Ribosomal RNA from E Ml JMJH "JJ^S J a nigh q degre e of homology between 16S 
ffiMES - SS?^, the E co, sequence could also he used to 

mammalian 18S RNA a "* m !f h ,^^ 
substantially in length and the .dentrty m ^^*^^^ b ^ on 16S RNA can be made 

reips^ 

rsssr-?rr^ ~ - - . M RNA CO u,d be 

used to improve the selectivity -for f^^lSS^ and the corresponding 28S RNA from the 

m — tSZTE m — ! *«* - «**- interest 

designated strain A and separated j* 'J^^J^ S^^mJ^rtm DNA from all 
centrifugation. The RNA -s labelled w* £*Zi2l55 e y ndonuc ,ease digestion. These DNA 

the bacterial strains of interest * ' «« J^JSoS gel electrophosesis and the DNA fragments are 

fragments are separated ^^el on ^nitrocellulose are then probed with the 

transferred to nitrocellulose by blottng. ™" P^J" ™ h bridi2e to some of the DNA fragments from 
labeled RNA. If any of the probes from 5S. 16S or 23S RNA JWWiobb » strains |n 

all the strains tested this indicates that there ^ ~"££ fragments cither strain B, C. D or 
order to enrich for and isolate this DNA 'T^^SMm^ This procedure separates 
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exchange chromatography is enriched for th common sequence shared with strain A. The DNA fractions 

s^; 1 Z7' DNA ** ,he c,ones screened for *• *™» oMh^iboia rs; 

Jresenttvemion ' * C ° nVent, '° nal teChn ' qUeS l ° yield P 0 '^'*^ probes useful in the 

5 labeledTr^S ^ ^ ° f ^ " baCten ' al **» * interest — appropriately 

labeled (eg., with o^P-ATP using £ caff Poly A polymerase). The labeled RNA from strain A are than 
m.xed wrth a sample of heat denatured DNA from strain B and resuming dZ JZ pThybrSs are 
TJZ'ZT^™ 1 ™ ^ ^ S6parated hybrids ' re P resen ^ "°™'°9<™ Zencesln Z 

70 S oe a^S^Tm r ra A r ^ 8> are h93t denatur9d - ^ * * 

wSfrSf^A u °- 711,8 ,S repeated f0r 311 " strains «* 1119 fin^ DNA^abeled RNA hybrids 

the ^^TSSJE m ^ for homo,oey 10 9 sequence of DNA 8131 is 

pr^i^ * Pr0CSSSed by ~ ^ yield polynucleotide 

nr^^^h S9leCted , or ^Pfrirnentally obtained a suitable polynucleotide probe, reagent quantities can be 
is prepared by conventional cloning techniques in suitable vectors such as pBR322. P HV33 pUC9 tSnbda 
and denvatives thereof, and P Y.P12. A particularty preferred vector is M1 ^bacteriophage i [and , HSZ 

prior to use n the assay and preventing self-hybridization [Wofecu/ar Cto/jfog, A Laboratoiy Manual T 
Man.atis et al. Cold Spring Harbor Laboratory (1982) pp. 51 ef seg]. ""WBiary Mam/a/, T. 

20 The extent and specificity of nucleic acid reassoclatlon is affected by: 
1 . The purity of the nucleic acid preparation. 

n fli ! aS rl CO T C f i ! 0n . 0f *? Pr0be * Q " C base pairs wi " exhibit 9^ter thermal stability than A-T base 
pars. Thus hybndizabons involving higher G-C content will be stable at higher temperatures 
3 Length of homologous base sequence - Any short sequence of bases (e.g.. less than 6 bases) has a 

Sn2 9re t t .Pf Bty ° f b6,n9 Pr6Sent in many nuc,eic acids - ™* l«i or no spec^t? can be 
atta,ned in hybnd.zat.ons involving such short sequences. The present homologous probe sequence ^! 

1° b K 3S9S ; USUa " y 20 ^ ° r m ° r9 ' "* P""*** 9 reater than 100 bases From P r2t2 
standpoint the homologous probe sequence will often be between 300-1000 nucleotides 
4. Ionic strength - The rate of reannealing increases as the ionic strength of the incubation solution 
increases. Thermal stability of hybrids also increases. 'ncuoatlon solution 

L!Z b tf m ° n T??,' ° Pt, ' mal reannea ling occurs at a temperature about 25-30' C below the 

a^rr^ 

L N ttl add r C8n !L atl ' 0n NOrma " y ' 10 driV9 *" reaction toward * hybridi-zation. one of the hybridlza- 
blejample nucleic acd or probe nucleic acid wil. be present in excess, usually 100 fold Te^or 

incite 9 EE; JKZi - hydr09en ta- dismptin9 B9ente sud1 38 f — ' de and urea 
n,^™ ,he more comp,ete wi » be - hy — 

i^ Um l 9 * USi0 J " Th9 Pr95enC9 0f th9$e aaente ' as ^amplified by dextran and dextran 

5. ar ? h thO " 0ht f 10 effective| y increase ^ concentration of the hybridizing elemema 
increasing the rate of resulting hybridization. uiereoy 

Based on the above criteria and related factors known in the art. contact between the orobe and 
£2E Sampte " uc,efc «*» «* «» accomplished under conditions favJableThy^dizaTn As 
SJEir^" 1 !? m0r ?. Strin99nt ' *«» complementarity is required for formation of probe hybrid^ 
25? C ° nd f nS f ° f ' ow salt and hi 9" temperature increase the stringency of annealing. OneTme 

^SL Z^^S" " 2XS ? C (wh6re 1XSSC = °- 15M «*«» chloride'and 0.015M 

ouenc iX ^ be deSlrab ' 9 10 a "° W h y bridlza tion between less complementary se- 

quences, e g to allow for evoluKonary mutations affecting nucleic acid sequence but not overall ceta 
fanoon and structure. The ability of related but not Identical complementary sequences Tr^Z Sn be 

as 7SS1 ° f Stri " 9 ^ ^ ^ nCy ' 9 - 9 - ' 9Vated ^Sratures. requSornti n 

ISJ^ f. , ^ 3 9iV " ,9n9th 0f dup,ex since "association is restricted to closely 

related saqueneee - At lower temperatures, i.e.. less stringency, more distantJy related sequences can 

rean iri^fT y • inC T in9 inCUbati ° n bm9 3)80 P rmitS less related ^^nces to anneT 8 " 
Practice of the present analytical method is not limited to any particular hybridization format The 
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IS JS. the polynucleotide species are all in soiution (solution hybnduatKH.). 
A. Solid-phase Hybridization 

app^a* «,> * JffSS*<S^S* Nonoova« sappoH* 

^Lm ANA is Immobile on a «M •«• • ^ « ft. 

£££ STi'VJS--- asaoa^ - .ha support * Oy«»sa«oo, .«. » *p,o 
washing of the membrane; and 

(4) measuring on the support |9 wherQ particular | y 

" o»a*n, W ~ pap., suoh as 

diazobenzyloxymethyl cellulose, is as follows: 

(1) release and purify RNA from bacteria present In the samp e. 
2 denature the sample RNA by heating at 100 C for several minutes. 
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(2) denature ine sampiw « y _ - u . . 

3 spot the denatured mixture onto the chemically activated paper, 

4 allow to air dry. then store for 12-16 hours in a closed container 

5 wash the paper with water, 0.4N sodium hydroxide, and again with water 



Tris. HCI buffer (pH 7.8)], 

(8) wash the paper again with prehybridization solution, 

(9) add DNA probe in hybridization solution, 

(10) wash the paper to remove excess, unhybridized probe, and 
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(11) measure on the paper. 

« « ^T* ^JS,!^ ° NA Pr0b8 WhiCh iS com P'ementary to a conserved sequence of an RNA such 
as 5b ,165. or 23S RNA. TTi probe could be immobilized on a solid support and hybridized with the RNA 
S 5* T^ 9 ' and .! ie f RNA/DNA du P'e* would be detected in any convenient manner, such as with 
labeled antibody specific for RNA/DNA hybrids [see Rudkin and Stollar. Nature 265472 & 473 ,19771 

/ft 2835-2840 (1980)]. The use of immob.l.zed DNA probes for detecting the presence of RNA sequences 
is possible because of the ability to prepare antibodies which are selective for DNA 'RNA hybrids over the 
smgle stranded polynucleotides as is known in the art. Specific binding antibody fragments such as Fab and 
Fab can also be used. Determination of binding of antibody to hybridization duplexes can be accomplished 
in any convenient manner, preferably by using an antibody or fragment thereof which is labeled with a 
detectable chemical group such as an enzymatically active group (e.g., an enzyme, an enzyme substrate, a 
coenzyme, or an enzyme inhibitor), a luminescer, a specifically blndable ilgand (e.g. a hapten or biotin) a 

iTodv can 2 r Z P f h H e K 0r . a radl ' 0aCt ! Ve iSOt ° Pe ' 88 iS m0re ful,y describad betow - Alternative*, the 
, d ° n 3 natiV6 Pr ° perty Such as its own **'99nicity. A labeled anti(antibody) 

antbody w,H bmd to the pnmary antibody reagent where the label for the second antibody is a conventions 

TL7f*T' r U T er ' ant :^ dy ° an be detectad by implement fixation or the use of labeled protein A. 
as well as other techniques known in the art for detecting antibodiea 

This assay method has the advantage that the probe can be immobilized, thus the analyst does not 
have to immob.l.ze the sample RNA prior to the hybridization step. Sometimes immobilization of sample 
nucle.c acds can be problematical due to interferences by proteins and other materials in the sample A 
further advantage is that each cell contains thousands of ribosomes. As a result, the detection limit is 
greatly .mproved over methods which detect genomic sequences. During hybridization of cellular RNAs with 
probes, rt may be necessary in certain instances to protect the RNAs from degradation by ribonucleases. 
These enzymes can be effectively inhibited by a variety of substances such as heparin, sodium dodecyl 
sulfate, nbonucleoside-vanadyl complexes, aurintricarboxylic acid and dextran sulfate. 

B. Solution, Hybridization 

The present method can also be used for detection of bacterial nucleic acids in a solution format This 
normally requires that the homologous DNA sequence be in single stranded form. This will be tSSSZ 
the probe polynucleotide. 

i • a w?I Uli °!I format ' * e SDecimen nucleic «*"• ™ 'to released from bacterial cells in the sample by 
ysis, and then denatured. These steps may be combined by heating the sample to 100* C or by exposing it 

1ST 5? ?. a S °' Uti0n ° 0ntainin9 8 lar9S excess of the P rob8 ' hybridization is allowed to occur 

?££%Z&S? "* lemperafure empirical,y determined 10 9ive *• dedred probe 

Hybrids can be detected and quantitated using the above method. 

A technique not requiring incorporation of a label into a polynucleotide probe has been described bv 
Rudkin and Stollar [Nature 2^472-473(1977)]^ used by cytochemists fcf detection of hybSzaSn'n 
situ, n this approach, single stranded RNA containing the desired sequence is hybridized to DNA from the 

TH 'h 5 T k? ' S USin9 labe,6d antibodies s P ecific for RNA/DNA hybrids (these antibodies 

nLT? °H d °D Ub 8 T** ° NA W $in9 ' 9 Md RNA or DNA >- Th's approach is applicable to the 
present method. Preferred antibody labels would be those described above 

an J^Tif Ifl 6 '.? a ? r>toaci)es w,licn have teen developed for use in immunoassays will be 
^cable to the present hybridization technique with modifications evident to the ordinary skilled worker. 

SU«£ f oa N o °L 4,380 ' 580: 4,279 '" 2: 4 ' 238 " 565: 4 ' 134 ' 792: 3 -8 17 .837; 4.043,872; 4.238 195- 

2 1ST*'' 3 ' 6 o ,090: 3 -" 2,631: 4 - 16 °- 016: «« 3 '" e ' 345: British Pat Specs 1.552607 and 

tSSSHH ^ ^ 7 ° ,687; 7 °" 685: and ^ th9 pertinent P arts of which relating to 
labeling schemes are incorporated herein by reference. 

The test sample to be assayed for bacterial presence can be any medium of interest, and will usually 
be a .quid sample of medical, veterinary, environmental, nutritional, or industrial significance. Human and 

Zd fZr n rnl and , b ^ f,Uid l PartiCU,ar,y Ca " 156 8SSayed by 819 P' 686 " 1 method - '"eluding urine 
Wood (semm or plasma), m.lk, cerebrospinal fluid, sputum, fecal matter, lung aspirates, throat swabs genital 

swabs and exudates, rectal swabs, and nasopharyngeal aspirates. The present invention has particular 

advantages for the detection of bacteria in urine (baderiuria). The detection of 10* or more bacterial colony 

2 "J P f , mniili ! 9 r 3 Urin sample is Presumptive of a urinary tract infection. In uncomplicated 
infections, the etiological agents comprise two general categories according to incidence- 
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Category 1 (90% incidence) 

Family: Enterobacterlaceae (Gram-negative 
facultatively anaerobic rods) 
Escherichia (E. coll) 
Klebsiella (K. pneumoniae) 
Enterobacter (E cloacae, E. aerogenes) 
Proteus (P. vulgaris, P. mirabilis t 
^organella morganil) 
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Category 2 (5-10% incidence) 

Family: Pseudomonadaceae (Gram-negative aerobic rods and cocci) 

Pseudomonas (P. aeruginosa) 
Family: Micrococcaceae (Gram-positive cocci) 

Staphylococcus (S. aureus) 
Family Streptococcaceae (Gram-positive cocci) 

^ePtoc^ appear . Probes 

? toT nU* acid* cm. f« e»ample. be obtained by mechaeieal disrupt™ 

examples. 



EXAMPLE 1 



55 A. Growth of microorganisms used as test strains. 

Thp onanism Escherichia coll No. 083 (University of Rochester Medical Center, Rochester, NY) was 
onZZTZ that Jd Positive for urinary tract infection. As a control non-unnary 
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tract infection isolate, the microorganism Bacillus subtllis (No. 1A289 from the Bacillus Genetic Stock 
Center, Ohio State University, Columbus, OH) was used. Each organism was grown in a liquid nutrient 
medium in the following manner. 

Each shake flask was inoculated with efther £ coll or a subtllis. The shake flasks contained fifty 
milliliter (ml) of 2XYT broth. 2XYT consists of 1.6% Bactotryptone. 1.0% yeast extract and 0.5% sodium 
chlor.de. Bactotryptone and yeast extract are available from Difco Laboratories, Detroit Ml. Both cultures 
were grown at 37 C in a rotary shaker for 6 hours. 

In order to determine the bacterial count per unit volume of each 6 hour broth culture, the culture was 
senally diluted by ten-fold increments into 2XYT broth. Each of the dilutions were plated on sterile agar 
i medium containing tryptose blood agar base (TBAB) and 0.1% casamino acids (both components available 
from Difco^ Those plates were incubated at 37 C for 12 hours to allow colonies to form. The plates 
containing 30-300 colonies were counted and the number of cells per unit volume in the original broth 
cultures was determined by calculation. 

B. Application of cells from broth culture to a solid support for immobilization of nucleic acids. 

The six-hour broth cultures and freshly made dilutions of these cultures were applied to a solid support 
cons.st.ng of nitrocellulose (Bio-Rad Transblot® transfer medium available from Bic-Rad Laboratories 
Rrchmond, CA). The addition of a precise number of cells to a constant surface area of the nitrocellulose 
was accomplished by the use of an apparatus called a Minifold® which is commercially available from 
Schleicher & Schuell, Inc.. Keene. NH. This apparatus is a filter manifold consisting of three sections which 
are clamped together into a "sandwich" during the filtration or Immobilization process. The MinifoldTU 
apparatus was fitted with one 4 inch (") x 5 1/4" sheet of the nitrocellulose membrane, backed by two 4" x 
5 1/4 sheets of Whatman 3 MM chromatography paper (available from Whatman Ltd.. England). The 
nitrocellulose and Whatman paper were presoaked in five ml of 1XSSC (1XSSC = 015M NaCI 0 015M 
tnsodium citrate). The membrane and backing papers were clamped into the apparatus. The apparatus was 
hooked up to a vacuum Dne and the vacuum applied. To each well was added 0.10 ml of the 6 hour E. Coll 
culture and to successive wells, 0.10 ml the serial dilutions of this culture. The control 6 hour culture of B 
subtUis was also collected on the filter in the same fashion as described for the E. coll culture. As an 
additional control, nutrient media was added to another set of wells. 

C. Lysis of cells and denaturation of DNA on membrane containing the cells. 

The nitrocellulose membrane containing the cells was removed from the Minifold® apparatus and 
placed on a Whatman 3MM paper which had been saturated with a 0.5M sodium hydroxide solution. The 
membrane was placed on paper so the cells were always on the upper surface. The nitrocellulose 
membrane remained in contact with the 3MM paper for 10 minutes at 65 *C. The nitrocellulose membrane 
was then placed on a Whatman 3MM paper that had been presoaked with 1M Tris, pH 7 4 The 
nitrocellulose remained in contact with the paper for 10 minutes at 65 *C. The nitrocellulose membrane was 
removed and placed on a second 3MM paper saturated with 1M Tris. pH. 7.4. For 10 minutes at 65* C The 

TSJS^u a , $ / e , m0Ved and Pl3Ced 0 ." 3 Whatman 3MM P aDer ***** witn a solution of 0.5M Tris. 

i'^ 10 minUteS at 65 C - The "Cellulose membrane was then air dried and baked at 

au o for 2 hours in a vacuum oven. 

In a typical experiment, samples containing 1 x 10 s . 1 x 10 7 . 1 x 10 s , 1 x 10 s . 1 x 10* 1 x 10» 1 x 10> 
1 x 10 1 cells were applied to each well. ' ' ' 

D. Isolation and purification of M1 3-10 replicative form DNA. 

The bacteriophage M13-10 (ATCC 39403-B1] was used as the source of the tuf A gene fragment. The 

TJJTaZ J* ™ fof Pr0t9in EF " TU - EF - Tu is a sin9,e Peptide chain with a molecular 

weight of 43 225. The EF-Tu prote.n is an elongation factor in protein synthesis and mediates the entry of 
an aro'n°acyMRNA into the A site of the ribosome. The EF-Tu protein carries a guanine nucleotide (OTP) 
The EF-Tu-GTP binds aminoacyl-tRNA The size of the tuf A gene is 1.190 base pairs. The portion of the 
tuf A gene contained in M13-10 is an 800 base fragment The MA gene is cloned between the Hinc II and 
EcoRI restnction endonuclease sites of the vector M13mp9 (New England BioLabs Beverly MA) 
th , ™° E$ch * richia colf hos * ^ism used for growth of M13-10 phage was JM103 (Mac,' pro) supE 
tH strA, endA sbcBIS, hsdR4, traD36, lac lqZM13. This strain is commercially available from Bethesda 
Research Laboratories, Gaithersburg. MD. 
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Flfte en m . of an overnight cu,t U ro of the above ^^^^^^^ 
two liter Fernbach flask. TM. cub. was 8jjn fcr ^ 3 ^° 0 * ™ 10 bacteriophage were added. 
(200 rpm). To the 3 hour culture 2 x 10" PFU l^wnj un B ' ditjons M desC ribed above. At 
This infected culture was aliowed to incubate . for 1 hour continued for an additional 

this time. 150 mg of ^^^^^^^Z^O minutes) and washed once in 
45 minutes. Cells were harvested by centr^gatonjGS^ was 

cold 2XYT broth. The washed cells were suspend* I ^ J J °* g M e»ny, en ediaminet9traacetic acid 
accomplished by the addition of 20 mg of lysozym mwMB ^^JJTby the addition of 4 ml 
(EDTA) foilowed by incubation n an ' «^J£££ Sd en^The concentration of sodium 
20% sodium dodecyl sulfate (SDS^The lysis mrtn wm mwoo V ^ Jh9 

chloride in the lysate solufon was adjusted to 1 M wrth a ^ centrifu g a ti 0 n in a 

lysate mixture was incubated at 40 < 3 ^^'^J* ^^^^acted three times with equal 
Beckman uitracentrifuge at 60,000 xg for » ■^T-S^SbM ? of chloroform. The aqueous 
volumes of a phenol-chloroform m,xture composed I of A part of pbenc., n p bwAaied 
phase from the extraction was added to two volume , of cold 95% eftyl alcohoL. 
at -70-C for thirty minutes and then "° 0 xg ^ m™te^ 4^ P _ ^ 

was .ashed * 70% ethyl S^ESS- to isopycnic cesium chioride 

containing 0.01 M Tns, pH 8, tm*'™* . hidium bromld9 to ^ate covalently closed circular 

density gradient conjugation m th presence of rtjdjjn bW« P ^ ^ ambjent 

, replicative form DNA from , hnear DN£ C ^J A ^ for 40 hours at 130,000 xg, the iower 

temperature to a final refractve mdex of 1.3930. After^mnwgaflo water - S aturated sec- 

band' containing the relative form DNA J^^^^^ TE buffer (0.01M Tris. 
butanol to remove eth,d,um brom,de. The ertract was dial re ribonucleaS9 (RNas9) was added 

-70* C for 30 minutes. The phage DNA was dissolved in, TE buffer 
vector. 

E. feo/atton and radioactive labeling of the tut A fragment. 

« . . e~-D/ m<» in nNA was adjusted to a concentration of 40 f g per 100 pi. 
The double digested Sal I, BcoBl m ^l^Z ^a BM Sub-Cell® electrophoresis chamber 
Horizontal agarose gel electrophoresis was performed In a Bio-Rad w«£ (available 
(avaiiable from Bio-Rad Laboratories), A 1 p«rt lowing ^^^^ CUMO* EDTA 
from Miles Research Products, Naperville IL) In oyj» n ^r S ub^ell apparatus. The M1 3- 
(TBE), pH 8. buffer containing 0.5 «M •^f^jj™^'^^^ well. Electrophoresis 

0 doubie digested DNA solution was ^^^^^^^ ^^ DNA was cut out 
was performed at 50 votis for 3 heati to 70* C until the gel 

of the gel. These gel pieces were placed in a 50 ml ™ H 7 Q 0 001M 

melteAhe moiten gel was «^J»^2"^ ^ « S^doolumns commercially 
EDTA. The DNA was isolated from th,s gel solujon «™0>**"' * ™ recommende d by the 

available from Schleicher & Schuell. Keene NH. J» " ^ 1 0M NaCi.0.02M Tris-HCI, pH 7.3. 
supplier. The ElutipSd column ^onTomprled of 0.2M NaCI, 0.02M Tris-HCI. 

0.001M ETDA. The column was washed w.th 0.5 ml o c v (available 

pH 6.3. 0.001M ETDA. A 0.45 „m cellulose acet at •<*»-"> life was J^^^^m** 0 f 
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rn.crol.ters wrth distilled water and incubated at 15* C for one hour. The reacfoTwaTstS b Tih! 

phenol. The extracted mixture was chromatographed on a Sephadex G-50® column (Pharmacia Fne 
Chemicals. P.scataway. NJ) to remove the unreacted deoxytriphosphates. The 3* P Z J r>^l22! 
were contained in a tota, volume of 400, microliters with a^ecific £*Hy of 8 x 10^^^ 



io F. Hybridization protocol 
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n^^^l 059 membrane described in part B of this example was predated before hybridization bv 

Roebuck & srssi ^rr ba9 (commerciai,y avajiab,e 35 8o "- A - M9ais> iSfsns 

CoS&B^) i^i^^JS?^?* 0 C ° nSiStinS ° f ** fo « (^on 
SbFpTiXBFP - oSS il ,1 1 aCI ' ° ° 1M S ° diUm Ph0sphat9 ' °- 001M Na * EDTA, pH 7.0) 

i . (1X r^ " 0 02% w/v of bovine se ™ a'bumin, Rcoll [MW. 400,000] and polyvinyl pyrrolidine* iy 

fSTiS 2. ' 9/ml . 0f d9natUr ? d> ^ carrier sa) mon sperm DNA. The SLwStlteJ 
« this solut.cn for one hour at 42* C. The prehybridization solution was then removed S^ii Z ofl 
solution contaming 50% v/v formamide, 5XSSPE, 1XBFP, 100 „g/m. mticJT^^^iii 
wA sodium dextran sulfate 500 and 0.3% SDS was prepared. Ha? of this *to*Z^™J^"£ 

M e r me ? u 3 " 6 and mixed ne labe,ed P robe DNA wa * matured if KS„^ 
solution of 10mM Tns (pH 7.5). 1mM EDTA for 10 minutes at 95* C and cooling It auicWv In an TcAl 
The denatured probe DNA was added to the remaining 2 ml of solution at a Sy Sent to providfs 
x 10' cpm per membrane. The 2 ml of solution containing the probe was then added to he ba an«?thf 
contents were mixed. The bag was sealed by using a heat-sealer ba9 and * e 

The hybridization mixture was incubated for 20 hours at 42* C Tho nitm***....!^ u 
removed from the hybridization solution and washed in IZJont 2XsS>E 2?Ef « 
repeated four times at 45* C. The membranes were air dried and P^^^J^^S^Z 

sS^tLT TTt * X ' ray fi ' m f0f 30 a PP r °P riate Ume Varies dependtg on le 
spec.fic.ty and specfic activity of the probe DNA and rate of the hybridization reaction). 

^ZyZunZ™ ° f ' b3Cterla th9t ^ b ™ - ^ <* a *— *■** 

«tf » oS^StecS usinoTe 8 ^' 6 ' ^r^* * 1X106 * 

^pT^ 

EXAMPLE 2 

uJntZX£ZT on ofDNA from bacterlal strains that have b&en **" f ™ P«*» «* 

When the test organism is of the family Enterobacterlaceae, genus and species Escherichia rnii 
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25 



^f^'-I^^^^r'^L^ LysostapWn (a« 
J^L'CrS cTsTul MO, 37, « - «. «« » » 

"^r— ^« d— the . W . d«M K AR 

ef a/, Afaetefc Ac/ds flesearc/) 7: 547 - 594(1979). 

B. immobilization of genomic DNA Isolated from organisms onto a solid support. 

Samples o, the DNA fro. each o, the ^^^TuT^ 
Bacillus subtilis and human placenta (h"™Vf cente ' D .^ A n B ^ o 2 !g/,, 0.002 *M 0.20 
Chemical Co.. St Louis. MO) were ^^^^ ^ 2 a soYd pport consist of a 
ng/,1, 0.02 ng/,1 and 2.0 pgj... These ax «^2TI^^5^ <* ■ P»** v0,ume ° f DNA 
Gene-Screen® membrane (New England Nuclear. Bo ston ma^ "» ^ f MinifoldTM 

solution to a constant surface area of the ^^J^^^^Zm apparatus was 

denaturing solution cons.st.ng of 2.5M Nad and 0j5M naur ^ wgs 

30 for 1 hour. 

C. Isolation and purification of M13-W replicative form DNA. 



35 



See part D, Example 1. 
D. isolation and radioactive labeling of the tufA gene fragment 

See part E, Example 1 . 
40 E. Hybridization protocol. 
See part F, Example 1. 

F. Detection of tne DNA of bacteria tnat comprise nlnetyflve percent of urinary tract infections in 
45 humans. 

|„ a typical experiment as in this example, the results were as shown in Table A. 
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55 lb- « T, i 131 ," 16 ^ " 86ne Pr0be iS able t0 h V bridize w «h essentially all of the organisms 

55 ftat are et,olog,c agents of urinary tract infections. The control DNA samples, BacUlis 
microorganism, and human DNA does not hybridize with the tut A gen . 

EXAMPLE 3 
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a Hvhridlzation of DNA from urinary tract Isolates lysed in situ on a nitrocellulose membrane filter 

war" grown in TBAB fl^ptose Blood Agar Base) - Difco agar plates + 
casamino acids (CA) overnight to obtain single colony isolates: 
Escherichia coliAS 
s Escherichia coli A6 

Klebsiella pneumoniae B4 
Klebsiella pneumoniae B5 
Proteus mirabilis C2 
Enterobacter cioacae D4 
70 Morganella morgana C7 

A single colony Isolate from each type of microorganism was used as inoculurr .for ten m, of TBAB + 
CA broth These cultures were grown overnight at 37* C. Each culture was diluted 10 to 10 n TBAB + 
CA med a ? C Hop all growth. Each dilution was plated on TBAB ♦ CA agar ^ fe M 

0? SPE whl EST* 3-6 M NaCI, 0.2 M NaH 2 P0„H 2 O, 0 16 M NaOH and 0.020 M Na 2 EDTA Tne 
SSPEis modified by adding sufficient 0.2 N NaOH solution to adjust the pH of the 20x SSP E to 7A The 
20 pu^osL oTS mixture is todisrupt and .yse the bacterial cells and denature the DNA that . released from 

*" £ entire lysed cel. mixture samples from each cel. type were applied to a solid "itrocelUilose support 
followino ti.e method of part B, Example 1. To each well of the Minifold apparatus was added the entire 
lolume of cerate (which contains 1 mi of broth containing the cells and dilution plus lysis reagents) of 

26 ""VSt cuiture of mammalian celis at a concentration of 1 x 1* cells P« * «**"^ £ 

27J^^^«^ « " otd ^ehybrid^on*- £ Ten 
Sli ers of a solution containing 5XSSPE, 1XBFP, 100 ,g/ml salmon sperm DNA and 03* 808 was 
JrLf of this solution (5 ml) was added to the bag «^££^£f£J£ 
labeled probe DNA (tut fragment from part E, Example 1) was denatured by heafing the DNA in a hum 

removed from the hybridization solution and washed in a solution of 5XSSPE and 0.5% SDS . This was ^was 
ZZZ Ztimes at 70* C The membranes were air dried; subsequently, the membranes were cut up in 

and its' serial dilutions were counted on a Beckman scintillation counter. 
The results of this experiment are reported in Table B. 
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A. l/se o/ B. subtflls rlbosomal RNA gene as a probe for Escherichia coll. 

A fragment of the ribosomal RNA genes from B. subtilis cloned into p8R313 was used as the probe 
sequence for hybndbrtkm. This ribosomal gene clone is designated p14B1 and is described in Stewart G 

M^Lm 5:153^]."^ MaPPi " 9 ° f ** reb0S ° mal RNA ^ ° f BaC '"» S 

nJH 1 Jo° U \ (L ' Br0th Which COnsistS of 1 °9 Bacto ^P 10 " 6 ' 5 9 B **> ^ast extract, 0.5 g 

NaCI and 2 ml of 1M NaOH per liter) of Escherichia coll strain MC4100 (Genotype F . ara D139 qJ> 

?2 rPSU ^ lt0 ' K - BaSSf ° rd ' P - J > Jn ^ Beckwi,h ' J - 06,1 < 1981 > 24:767-717. The cuhura was 
plated on L-agar plates to determine viable count to estimate the number oFcells present per sample 

I T V ?, WaS ! l$ „° di ' Uted Seria " y t0 1 °" e - A 100 micro,iter ^P' 6 of 10656 dilutions was added 
SSiSrSS7 JT (G9 9 enh8imer - P - Watson - N - ^ D - Apinon. Journal Biological Chemistry, 
252.3064-3073) and the sample tube .mmersed in boiling water bath for two minutes. A five microliter 
volume of each sample was spotted onto a nitrocellulose membrane (Schleicher & Scheull B85) that had 
been presoaked in 20XSSC. The filter was dried in a vacuum oven at 80* C for two hours. 
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Zxyguanosine triphosphate (dQTP) and deoxythym-dme ^f^^^J^^ albumin 
0.005 M magnesium chloride. 0.01 M ^jg^^iSS MD) 200 ptograrns DNase .. 0.005" 
(BSA), 2 units of DNA f^ymerase ^altabte from MBRL ^^^osine triphosphate (dATP) with 

water and incubated at 15 C for one hour. The T^^f^ZS^S phenol. The extracted mixture 
M Na EDTA ( P H m and exfracted £ Piscataway, N.J.) to 

of 400 microliters with a specific activity of 8X10> cpm per ™* ^ 

The nitrocellulose membrane descnbed above m this ^^^JtoTswni Roebuck & Co. and 
piaclng the membrane in the £K^^5>!£ 2- *™ DNA " 

adding 10 ml of a solution consisting of 5XBFP, 5X SSPE. ad* & => _ rehybrid j zalion solution removed. 
The membrane was <"<^^ and 0.3% SDS was 

Ten milliliters of a solution containing 5XS5PI =- 1 ^ B ; r . ,u r™ aInino „„ memb rane and mixed. The 
prepared. Haif of this solution (5 ml) was added to the ^ n ^nmg »e membrane 
L'ed probe DNA was denatured by heating a*^ 10mM Tj (pH 7j*1 mM g ^ 

removed from the hybridization soiufion ^J« a f* S 1^S1 membranes were cut 
was repeated four times at 50 C. The membranes were air dned suosequ y. 

" %2tSZ£2ZZ ?S 7«. and » 5 - « - — - • — 

scintillation counter. The results are shown in Table C. 
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Table C 



Number of E. coli Cells 
in Lysis BuTfeFTJpotted 
on Membrane 



P-CPM- Counts Per 
Minutes - Measure of 
Extent of Hybridization 
of jBj_ subtilis rRNA Gene 
Fragment to E. coli 



10 



15 



2.5xl0i Cells 
2.5x10® Cells 
2.5x10: Ceils 
2.5x10* Cells 



13,358 
1,649 
250 
94 



Blank - No Cells 



65 



In this experiment, the subtilis ribosomal gene 
fragment probe was able to detect the presence of 
2.5xl0 :> Escherichia coli cells by hybridization. 

The present invention has been particularly des- 
cribed and exemplified above. Obviously, many other 
variations and modifications of the invention may be 
made without departing from the spirit and scope hereof. 



Claims 



1. A method for detecting bacteria in a test sample, characterized in the steps of 

a subjecting said test sample to conditions to release RNA from bacteria in the sample 

(b) contacting the resulting released RNA with a DNA probe having a base sequence which is 
hybndizable wth an RNA base sequence in the nucleic acid content of^bTnSy aHfthe 
X "^"f SUSP ' Cted t0 be Present in «* test «"P* ^ch contact being aLmpled 
RNA ^SS t0 b9tWeen S3id DNA Probe - d said «*P«*ve bSS 

(c) determining the presence of hybridized probe by adding an antibody or a fraoment thereof 

S C nS r A DNA H RNA H hyb 2 dS " d determinin9 ,he bindi "9 « '«* «*4 or fragmen to Jfi 
of said DNA probe and said bacterial RNA sequences. 

2. The method of claim 1 wherein said RNA sequence is a ribosomal RNA sequence, such as 16S or 23S 

3. The method of claim 1 or 2 wherein said DNA probe is immobilized. 

4 211^^ n ° f daimS 1 ' 3 Wherei " SaId antibody or fra 9 ment t0 DNA ' RN A is labeled with a 
detectable chemical group, such as an nzyme. 

5. Th m thod of any of claims 1-4 wherein said test sample is a mammalian body fluid, such as human 
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6. 



A test kit for use in the detection of bacteria in a test sample by nucleic acid hybridization, 

C T)??n1 %» having a base sequence which is hybridizab.e with an RNA ^"£7 ta *j 
nucleic acid content of substantially all of the respective bactena suspected to be present in sa.d 

a^tibod^cr a fragment thereof, specific for binding DNA'RNA hybrids. 

7. The test kit of claim 6 wherein said RNA sequence is a ribosomal RNA sequence, such as 16S or 23S 
RNA. 

8. The test kit of claim 6 or 7 wherein said DNA probe is immobilized. 

9. The test kit of any of claims 6-8 wherein said antibody or fragment to DNA'RNA is labeled with a 
detectable chemical group, such as an enzyme. 

10. Use of the test kit of any of claims 6-9 for the detection of bacteria in a sample of mammalian body 
fluid, such as a sample of human urine. 

Revendicatlons 

1. Methode de detection de bacteries dans un echantilion d'essai, caracterisee en ce qu'elle comprend 
'"(STsoume^edit echantilion d'essai a des conditions provoquant la .iberation de I'ARN des 

^^T^XST^s M avec une sonde d'ADN ayant une sequence de .bases 
qui esThybridable avec une sequence de bases d'ARN presents dans I'aade nuc*qu« de 
plqLent toutes les bacteries respectives suspectees d'etre presentes dans led! Jharrtinon 
53 ce contact etant realise dans des conditions favorables a .'hybridation entre ladrte sonde 
d'ADN et lesdites sequences d'ARN bactiSrien respectives. et 

(cfrdeterminer la presence de la sonde hybridee par addition d'un ant.corps ou dun de ses 
£gm STpeique'des hybrides ADN-ARN, et a determiner la 0U de 06 

fragment aux hybrides de ladite sonde d'ADN et desdites sequences d'ADN bactenen. 

2. Methode suivant la revendication 1. dans laquelle la sequence d'ARN est une sequence d'ARN 
ribosomal, telle que I'ARN 16S ou 23S. 

3. Methode suivant la revendication 1 ou 2. dans laquelle la sonde d'ADN est immobilisee. 

4. Methode survant I'une que.conque des revendicatlons 1 a 3. dans laquelle I'anticorps ou le fragment 
contre I'ADN-ARN est marque avec un groups chimique detectable, tel qu un enzyme. 

5. Methode suivant I'une quelconque des revendications 1 a 4. dans laquelle ('echantilion d'essai est un 
liquide biologique de mammlfere, tel que I'urine humalne. 

6. Kit analytique destine a §tre utilise dans la detection de bacteries dans un echantilion d'essai, par 
hvbridation d'acides nucleiques, caractelrise en ce qu'il comprend : 

m une sonde d'ADN ayant une sequence de bases qui est hybridable avec une sequence de bases 
K pSnt d^sTaclde nucleique de pratiquement la totalite des bacteries respectives 
<5u«5nectees d'etre Dtesentes dans ledit Echantilion d'essai, et . , i ■ 

^SCL de ses fragments, presentant une specified de liaison avec les hybndes 

ADN-ARN. 

7. Kit analytique suivant la revendication 6. dans lequel la sequenc d'ARN st une sequence d'ARN 
ribosomal. telle que I'ARN 16S ou 23S. 

8. Kit analytique suivant la r vendication 6 ou 7. dans lequel la send d'ADN est immobilisee. 
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9. Kit analytique suivant I'une quelconque des revendications 6 a 8, dans lequel I'anticorps ou !e fragment 
contre I'ADN-ARN est marqud avec un groupe chimique detectable, tel qu'un enzyme. 

10. Utilisation du kit analytique suivant Tune quelconque des revendications 6 a 9 pour la detection de 
bactSries dans un echantillon de liquide biologique de mammifere, tel qu'un echantillon d'urine 
humaine. 

Patentanspriiche 

1. Verfahren zum Nachweis von Bakterien in einer Untersuchungsprobe, gekennzeichnet 
durch die Schritte: 

(a) Freisetzen der RIMA in geeigneter Weise aus dem Bakterium in die Probe; 

(b) Zusammenbringen der freigesetzten RNA mit einer DNA-Sonde, die eine mit einer RNA- 
Basensequenz irn Nukleinsaureanteil von im wesentlichen alien in der Untersuchungsprobe vermute- 
ten Bakterien hybridisierbare Sequenz aufweist, wobei das Zusammenbringen in einer fOr die 
Hybndisierung zwischen DNA-Sonde und jeweiligen bakteriellen RNA-Sequenzen geeiqneten Weise 
durchgeftihrt wind; und 

(c) Nachweis der Anwesenheit der hybridlsierten Sonde durch Zugabe eines fUr DNA'RNA-Hy bride 
spezifischen Antikorpers oder eines Fragmentes davon, und Nachweis der Bindung eines solchen 
Antikorpers oder Fragmentes an die Hybride der DNA-Sonde mit den bakteriellen RNA-Sequenzen. 

2. Verfahren nach Anspruch 1 , dadurch 
gekennzeichnet, dass die RNA-Sequenz 

eine ribosomale RNA-Sequenz, wie 16S oder 23S RNA, ist. 

3. Verfahren nach Anspruch 1 oder 2, dadurch 
gekennzeichnet, dass die DNA-Sonde 
immobilisiert ist. 

4. Verfahren nach einem der Ansprtiche 1 bis 3, dadurch 
gekennzeichnet, dass der Antikorper 

oder das Fragment gegen DNA'RNA mit einer detektierbaren chemischen Gruppe, z.B. einem Enzvm 
markiert ist 7 ' 

5. Verfahren nach einem der AnsprUche 1 bis 4, dadurch 
gekennzeichnet, dass die 

Untersuchungsprobe eine KSrperflUssigkeit von Saugetieren, z.B. menschlicher Urin, ist. 

6. Testkit zur Verwendung beim Nachweis von Bakterien in einer Untersuchungsprobe durch 
Nukleinsaurehybridisierung, 

gekennzeichnet, durch 

(1) eine DNA-Sonde mit einer Basensequenz, die mit einer RNA-Basensequenz im Nukleinsaurege- 
hait von im wesentlichen alien Bakterien, die in der Untersuchungsprobe vermutet werden, hybridis- 
ierbar ist; und 7 

{2} einen Antikorper oder ein Fragment davon, spezifisch zur Bindung an DNA'RNA-Hybride. 

7. Testkit nach Anspruch 6, dadurch 
gekennzeichnet, dass die RNA-Sequenz 

eine ribosomale RNA-Sequenz, wie z.B. 16S oder 23S RNA, ist 

8. Testkit nach Anspruch 6 oder 7, dadurch 
gekennzeichnet, dass die DNA-Sonde 
immobilisiert ist. 

9. Testkit nach einem der AnsprUche 6 bis 8, dadurch 
gekennzeichnet, dass der Antikorper 

oder das Fragment gegen DNA'RNA mit einer detekti rbaren chemischen Gruppe. wie zB einem 
tnzym, markiert ist 
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f des Testkits nach einem der AnsprQche 6 bis 9 zum Nachweis von 
KorperflOssigkeit von Saugetieren, z.B. einer menschlichen Unnprobe. 




10. Verwendung 
Probe einer I 
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